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ENGINE AT VARICUS SIMUIATEb RAM PRESSURES

By Bugene J. Manganiellc Michael F. Valerino
and Robert H., Essig

. SUMMARY

Results are presented of sea-level performance tests conducted
on a 2Z2-inch-dlameter pulsc-Jet engine installed on a thrust stand.
The tests were conducted at simulated ram pressures of 0, 18, 40,
and 58 inches of water and cover the entire range of fuel flows for
which resonant operation of the engine 1s obtained.

A summary of the important test results ils presented in the
followlng table: '

Simuleted ram pressure, in. water o o 18| 40} 58

Fquivalent indicated airspeed (NACA air), mph 01190 | 280} 340

Predicted maximum flight thrust, 1b 5001660 | 740770

Thrust specific fuel consumption at maximum- 4.013.8 {3.8(4.2
thrust operation, 1b/(hr) (1b thrust)

Predicted fllght thrust for operation at 420{81C | 860|680
ninimm fuel consuwmption, 1b :

Minimum value of thrust specific fuel con- 3.813.4 [3.3]3.6
sumption, 1b/(hr)(1b thrust)

Maximum-thrust operation was obtained at a fuel-air ratio of approxi-
mately 0.08 and best fuel economy, in the fuel-air-ratio range -
between 0.084 and 0.072, '
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The operating frequency of ths engine varied from 39 to
4] cycles per second. Maximum combustion-chamber pregsures in the
‘order of 40 to 50 inches of mercury gage ani minimum pressures from
about 7 to 10 inches of mercury vacnwn were mesasgured for the simu-
lated ram pressures of 40 ‘and 58 inches of water. The operating
lives of the two flapper-valve agsemblies used in the tests were
approximately 17 and 33 minutes.

INTRODUCTICH

At the request of the Air Technical Service Cormand, Army Alr
Forces, and the Bureau of Aeronautics, Navy Department, an Ilnves-
tigation is being conducted at the NACA Cleveland laboratory to
improve the performance and extend the cperating life of the pulse-
Jet engine. Ao a part of this investigation, thrust-stand tests
were conducted to determine the sea-level performance of a 22-inch-
diameter pulse-jet engine at simulated ram pressures of 0, 18, 40,
and 58 inches of water for the entire fuel-flow range of rescnant
operation. The performance date obtained in these tests, which were
conducted from February to June 1945, are presented in this report.

TEST INSTALLATION AND INSTRUMZENTATION

Description of pu_se_jet engine and its cperation. - The pulse-Jet
englne used in the investlgation is a reproductlon of “the German engine
used in Woold War II for propelling the V-1 flying bomb. As illustrated
in the dlmensioned sketch of figure 1, the pulse-Jjet engine consists
of a flapper-valve grid assembly and a steel shell that forms the dif-
fuser entry ahead of the grid, the cylindrical combustion chember, the
conical nozzle, and the long cylindrical tail pipe behind the grid.
mh% inner %iaﬂetprs of the combustion chamber and tell pipe EI'E

212 and 157 inches, respectively, the ratio of combustion che amber to

tazli-plpe flow area is therefore approximately 2:1, The flapper-valve
grid ascembly consists of spring-steel sheets 0.01C inch thick, which
are preformed and installed to seat tightly against the ribs of the
aluminum grid sections. (See detalled sketch in fig. 1. ) The spaces
betwsen the ribs form the alr passages across the grid sections; the
restriction of air flow turough these passages is controlled by the
opening and closing action of the flapper valves. Three horizontal
venturi-shaped channels are located at the entrance to the combus-.
tion chambar dlrcctly downstream of the flapper-vdalve grid assembly

The venturi channels are formed by the insertion in tho forward end of
the combustion chamber of airfoil sections constructed of sheet metal.
The spray erds of the fuel nozzles, which are supported on the flapper-
valve grid assembly, arc cerntrally located slightly upstream

of the throat of ihe vouturi channuls. The purpome of these
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channels is probably to improve miving betwecn the combustion air and
the fuel gpurk plug instnlled on the combustisn-chamber shell in

I. 4
the-positicn indicated in figurc 1 1s used for starting the englns.

Figures 2 and 3 are photograrhs of the downstream and upstream
faces of the fluppor-valve grid assembly and show the ninc centrifugel-
gpray rTucl-indection nozzles, the three ccmpressed-ainr Jets, the .fuel-
dlstribrticn manifeld, and the compressed-air lines. The compressed-
alr jobts, which are incorporuted feor static starting, werc not used
in the tegtsa. '

Regonan operation »f the engine i as follows: The flapper
valved opon and admit air into the combustion charber. The fucl apra
mixes with the incoming air and forme a combustible mixture, which 1a
ignitod by bthe realdual cxhavet ganes of the previous explosimn, Tho
prodsure rige resulting from the explosive combustion causes the
flappor valves to snap shub egaings the grid and the burned products
of combustlon arve dischavged rearwardly throvgh the tail pire, thna
providing a thrust impoloe on tho engine in a forward dirsction. The
outwerd rush of gases from the tail pipe rcduces the prossure within
tho combustion chumbor, which cauvees the fliapper valves to reopon and
admit a now chorge of alv, The cycle then ropoata 1iaclf ab o Tro-
quency governcd by the resonun®t froguoncy of the cngince tube.

. Thrugt stand ond thrust-measuring gystem. - Figure 4 is a ache-
witic A3l of e Tost Sohup showing tho mounbing freaae, the thris
plicform ard thiugc-measuring linksge, and the goneral ducting systom
for supplying corbustion alr to the engine. The chrouds and ducting
of the cooling-air gysteom and othor details of the temt installabion
may bo seon in the photograph of figwre 5. Tho freont (upstreanm)
eupport for the onging consists of an odjustidle yoko hoving £loxiblo
rubbor-mounted bLoarings at che two support points for cushioning the
violently fluctuating thiust forcoen obtaincd during operation. The
rear (downstroam) support is flzed to the frame with a simple s8liding
bolt und slot arrangimont bto provide for the szpansion of tho sholl
whon hicatod during normal oporation., After initlal teste, tho

wxtrome ond of the tail pipe was clamped to the frome by moans of
moetal strops to provent 1t frow whipping wnd angging during opoeration,
The thrust platicym, upon which the mounting frome in belted, ig
supportei by ball and rollur bocrirg linkages above o bedplate
gocurcly anchored to an isolatod conerote block sct in tho ground,

The thrust platform, the supnors linkages, and the bedplate foum
the sides of a pin-jointed parzllslogran. The voar support linkoges
and a thrust am are keyed to a4 common chaft bo form a bell-grank
arrvangement with a 1M1 levevage ratio. The forces on the engine
are transmitted from thoe thrust platfoem, throvgh the bell crark, to
tho pilston of a hydraullc platon-cylinder apdenbly. - Korosene 1g
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pumped from a reservoir to the bottom of the cylinder and returned
through a horizontal slot 1/16 inch wide end 7/8 inches long midway
in the cylinder barrel. Under lcad conditions the piston automati-
cally assumes a position relative to the slot opening guch that the
kerogene pressure exerted on the under side of the piston balances
the forces applied to the top of the pilston. The kerosene pressure
in the cylinder is transmitted to a mercury raniwiesr through copper
tubing, which incorporates a l-foot length of capillary tubing with
a 0.032-inch inside diasmeter. The capillary tubing provides for
lineer damping of the pressure pulsations resulting from the inter-
mittent jJet forces and thus insures true time-average readings.

In order to check the accuracy and reliability of the thrust
readings obtained with this hydraulic-balance system, thrust measure-
ments were also taken in some tests (not reported herein) with a
strain gage installed on the connecting rod between the thrust arm
and the balancing piston. Agreement between the thrust indications
obtained by the two methods were within 5 percent; because the two
thrust-measuring methods operate on entirely different principles,
insofar as glving a time average of the periodic thrust forces
developed by the engine, i1t is concluded that the time-average thrust
measurements obtained by either method are correct.

Combustion-air system. - As shown in flgure 4, a centrifugal
blower driven through a variable-speed magnetic coupling by a
200-horsepower constant-speed induction motor supplles combustion
alr to a large surge tank from which 1t flows to the pulse-Jet
engine. The surge tank, which serves as a constant-pressure reser-
voir, has a volume greater than 300 times the volume of the englne
combustion chamber; the ailr-pressure fluctuations in the surge tank,
resulting from the cyclic "breathing" of the engine, are therefore
small. An air-tempering tank, located in the ducting system between
the blower outlet and the air surge tank, contains suitable steeam
colls and water coils with automatically controlled mixing vanes
for regulation of the combustion-air temperature. The surge-tank
pressure (or simulated ram pressure) was controlled by regulation
of the blower speed and a bleed valve located near the blower outlet.
Measurements of ccmbustion-alr weight flow were obtained by means
of a 1l4-inch thin-plate orifice installed in the combustlon-air
system according to A.S.M.E. specifications.

The transition ducting between the ailr surge tank and the
entrance diffuser of the engine is rigidly supported on the same
mounting frame as the engine itself and 1s connected to the surge
tank by means of a flexible rubber dilaphragu (see detail A, fig. 4),
which prevents transmittal) of thrust to the surge tank. Because
the engine mounts permit some movement of the engine relative to the
mounting frame, whereas the transition ducting 1s rigidly fastened
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to the frume, a rubber-bont comnection 18 provided between the engino
diffuser ard the transition nectior (see deball B, fig, 4).

Fucl and ignition gystems. - Fuel, conforming to AN-F-Z2 specl-
fications, was pipsd bto the engine from the laboratory main supply
gystem, An anxiliary fuel pump was uscd to boost the main-supply
fuel pressures, as reguired to obbain the high fuel rates and the
abterdant high fucl -nozzle pressures., The fuel flow was regulated
by a nscdle valve and moaswrod by a calibrated rotameter. A
solenoid- upev atod valve in the frel lire adjacent to the engine
afforded a quick means of opening and shutting off the fuel supply
te the engine during operation., A fuel surge tunic 1s counnected by a
tee from the fusl Lline at a point Just upstream of the sclencid-
operatod valve. The volume Iin the lowver portion of the tank nearest
the connection is filled “with sasoline and the upper volume contains
sntrapped alr for cushioning the linc surges. The fuel surge tank
algn functloned in starting the cngine as a pressurized fuel rescr-
volyr for giving a zukck Meh-presgure injection of fusl into the
combustion chambor the instant the solenogd valve was opened.

A 12,000-volt output transformer and a i4-millimeter automcbile-
cngine spark plug providod the initial ignitlon reguived for startjnv
the engineo,

Cocling-alr systen - The cngline 18 cooled during opevat‘op by
civeudation of cooling alr in the annular gpace botween the engine
ghcll and the cooling shrouds shown in figure 5. The cooling alr is
delivered to the cooling sbirouds by a centrifugal blower driven
through a hydraulic coupling by o 900-horsepower constant-specd
induction mctor.. The coolipg-shroud installation la not in contact
with the engine or the bthrust-tranamitting members and thus does not
intorfero with the thrust measureoments, The cooling alr ‘8 intro-
duced into and discharged from the annular space in such a manner
that 1ts total momentun along the thrust axis of the onging is kept
at a minimuam,

Prosgure and tcmporature mossurements. The pressuse-trbe and

thermoccuple instrumentation used in the teste is briefly outlined
ag follows:

(a) A survey with four tctal-pregsure tubes at the engine
diffuser entrance (plane h, fig. 8). The average pressure abcre
atmospheric thus cobtained would correspond clesely to flight ram
presaure.

(v) A survey with four static tubes and four iron-constantan
thermocouples at the surge tank outlet (plane 1, fig. 8).
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(¢) 3tatic-preasure wall tap for measurcmeut of the static
preasure of the combustion ailr within the air surge tark,

(1) Tiange static taps upstream and downstream and an iron-
sonstentan thermocourle upstream of the combustion-ailr corifice plate,
Thege readings are uged [or the determinations of combustion-alr
[low.

e) Three iron-congtantan thesrmocouplea peened into the upstream
f the fliapper-valve assembly.

(f) Five chromel-alumel thermocouples spot-welded to the engine
11 at 2-fool, jntervnls downstiean of the flapper-valve assembly.

The pressure tubes are counected to a multitube liquid manometer,

the readings of which were photographically recorded during the tests.
A micromanometer was used to cbtain o more accurate reading of the
combustion-air pressure differential across the orif'lce plate. The

temyoratyres were indicatad by self-balancling poteuticmeters.
Conbautaon~chle neasurements. - The engine VGMbuStLOn-ChJBbOF

pressures were transmivted to a cap*c«tv type presaurs plckup and
were obtained as vertical deflections on a cathode-ray oscllloscope.
The hcrizontal sweep on the ogcilloscnpe was actuated by & callibrated
andio-frogquency oscillstor, which rosvlted In a trace on the oscil-
lzscope screen of pressurs against time, The pressure truce on the
acresen was photographed during the teste.  Thoe frequency cf the
nresggnre trece was obtalned from the setting of the audio-frequency
ogcillater

Preliminary tests ghowed thuat the pressure pickup wae relatively
ingensitive to vibrational disturbancos, but that, in opite of its
witer-cooled pressure-scnsitive diaphrogm, it gave higily distorted
and changlig wave forms whon subjectsd to hot gases. Thias response

7 be due to warping and changss in the physical properties of the
thin dlaphragm upen application of heut, In order to avold direct
expoavrc of the dlaphragm to tho combustion gasus, the plckup was
ingt2lled ot the end of o water-cooled extension tube of 3/8-inch
ingide diasmober and 3%-inch length, whick, in turn, wag mounted on
the combustion chamber about 1 foot behind the Clapper-valve
agsombly .

The guantitative information on the combustion pressurce cycle
ig obtained from measuremonts of maxizum and minimm cycle pressurcs.
A balanced-disk pickup of NACA design, walch has been suaccessfully
used in reclprocating-engine development to measure maximum oylinder
Pre3sureEs and found to bo reliable, wae ucced In the subject tests to
measure the maximum cycle prossure. Tn the operation of tho
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balarced-disk pickup the cyclic combustion pressure acting on one
g8ide of the disk is counteracted by a controlladle coustent air pres-
sure cn the opposite side. The counteracting presgvre, when adjusted
to tie lowest valve that will keep bhe disk on 1ts seat at all tlmes,
vill be closcly equal tc ths maxiaum ccmbustion prossure. This con-
dition of balance is indicated by a l-watt neon lamp ir 2 direct-
current circult that includos the disk and its seat. The presauvre
pickup used for measuring minimum npressure ls similar in construction
and operation to thit described for measuring maximum pressure; the
balaneing constant pressure ir this case 1s maintained by a vacuum
pump,

ANALYSIS OF TEST DATA

In order to interyret the test results fer applicaticn to the
conditions of flight, a briel theorebical study is given of the air
flow and the resnlting forcos present toth in flight and in the test
installation. Figure 6(a) illustrates the flow conditions existing
when the enzine 18 in flight. Momentum considerations of the Tlow
through the imaginary boundary drawn in Tigure €{(a) results in the
following relation: '

F - g (V5 - Vo) (1)
where
F average thrust develcped by engine, pounds
W combustion-air weight flow through engine, pounds per second
g acceleration of gravity, 32.2 feet per second per gsecond
V'j effective jet velocity cqual to momentwm of exhaust Jet divided
by mass flow of combustion alr, feet per second
Vo Tree-stream velocity, feet per second .

The fluow conditions obtained in the tests (ses fig., 5(b)) are some-
what different Irom those cxisting in flight. In thig case, the
momentum egquation when applisd to the flow through the imaglinary
boundaries ylelds:

Fro = A3 (Pg = p3) + = (V5 - V) (2)

where
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F, Torce meagured in tests, ponnds

Ay arca effective in transmitting alr load 7py - Po to engine
and supporting structure, square inches

Py atmospheric pressure, pounds per square inch

p; eaverage static pressure inside surge tank at cross section of
area A;, pounds por square inch

Vi effective air velocity at cross section of area Ai’ feet per
gecond

I+ is noted that the imaginary boundary passes thfbugh the crest of
the flexible rubber diaphragm. At this polnt the tension in the
diaphragm is normal to the axis of the engine and hence doeg not con-
tribute a term to equation (2).

Equation (2) shows that the total force measured in the tests
is the nlgobraic swmmation of the air-prossure lcad A; (py - p;)

W
and the momentum force =— (V

3 - Vj). The alr-pressure load may be

J

eveluated from the resnlts of calibration tests, which are described

W
later. The momentum term g Vi is dotermined from the measurcd

value of combustion-alr weight flow end the value of " V4, which, in
turn, is cbtained from thz calculated avereage velocity at plane 1
(fig. 6) by assuming the velocity variation resulting from the
cyclic-flow through tho engine to be sinusoidal. Because the average
velocity at plane 1 (fig. 6) is small (less than 1 percent of VJ),

the forsgoing approximation for Vi introducss negligible error.

The measured test force Fp may then be corrected by the values of
W

Ay {po - p1) and gV in accordance with equation (2) to give the

W ~ o
Jet momentum force g Vj’ hovein roeferred to as the Jet thrust.

For convenioncs of analysis, the effective Jet velocity VJ is
calculated from the Jet thrust é v and the combustion-air weight
flow W. The congine performance results are then yrescntod as plots
of effective Jot velccity and combtustion-air weight flow against
fuel Tlow Tor the various simulated ram pressures. Predicted flight
thrust values (excluding cxternal drag) for the airspeeds corre-
gponding to the simulated ram pressures are presented as computed
freom cquation (1) and the test vnlucs of cffective Jet velocity
and combustion-alr welght flow.
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Tae foregoing procedi re involves thz assunption that, fov the
gam= conditions of Juel flow anl eatrance ram preasure 1ud Lempera-
ture, the combustisn-alr weight flow ard the elfective Jet velocity
(ani thug, the Jet thrust) are the same for the engine in flight as
on the thrust gtand. The main implicationa of this assumption ave
hat the combrstion-air weight flow and the effective Jet veloclty
are maltTected by thlie cyclic disturbances of the alr stream ahead
of the engine entrance diffuser and by the flow of slipatieanm along
the ongine ashell, ag obtainszd in flight.

TEST PROCEDUKE

Thrust-calibravion tuets. - The thrust-measuring system was cali
brated previsug to the besta to determine:

(i) The conversion factor between thrust-manometer leflection
and net force ¥, on the engine stiucture.

(b} The air load A5 (pg - Py) On She engins steucture at the
various static-preasure values (pq - po) used in tihe testa.

The calibrating »ig consisated of a Vp1thu -loadiug pan coanected to
the thrngt platform with a steel c2ble running over a separately
gupperted pulley. Durlng the calibration tests the tall-pipo outlet
ol the Jet engine was plugeed; the static pressure within the suarge
tank and the engine was then built up with the combustion-alr blower,

Engins-porformance tagta. - In ovder bto start the bnﬂlﬂu 2
aimulated vam prossurc of a¢ inches of water was maintsined - n the
air surge banxk and a fuel pressure of 15 pounds per sguare inch gage
wag built up in the fuel surge tank. The fucl aclenoid valvo was
then oponod and inmediately thercaflter the spark was enervglzed,
Tollowing the first cxplosion the gpark was deonergized and tho
nosdlo valve in the fuel line was rapidly openel to provide the
requirecd fuel flow for tho greatly incrcascd alr flow indveed by
the breathing action of the ongine. Prcdetermined values of gimu-
latod ram pressure and fucl flow (range of el flows limited to
that resulting in resonant operation) werce ot and the enginc
speiating conditions were cliowed to stabilize heforc atart of the
test run,  During the tost rmuoi, which was of approximately 3¢ seconds
dnration, the pertinent test data werce recerded; the .thrust-manometer
roading was taken at the vnd of the 30-sgeond run nericd. Upon com-
plotion of the first test run, new fuel-flow and aimulated rem-
pressure conditions weire cstablished ard the procedure for roeording
the data was rcpeated. The rvnning time per start was limited by
the temperature of the snginc sholl (16007 F chosen as a maximum
iimit) that could not bo adoguately cooled with the availlable cooling
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air (aporoximately 10 to 12 lb/sac). Only two and sumetimes three
tegt rune couvld be made with a gingle test start; after these runs
1t wag nocesssary be shut down te aliow the engine shell to cool.

A gymmary of the simulated ram preasures and fuel flows used
in bects with two sbandard flapper-valve asgeublies 1s given in the

v

following table:

Similated raw pressure, in. water
- — o - e
0 & 40 58
Fucl flew, 1b/ 1 e
LROC Lenn 27200
Lo 2000 2400
2000 2200 2406 2500
2200 240¢ 2800 23800

3000 3200

B2000 - 3500

o these tests, the combustiosn-aly tesperature was maluntained con-
gtant at approximately 10° F.

Steady- f?Jw pressure-loas tests, - Tae relation between alr

ant flow and preaswre drop acvess the flaprer-valve agsembly wus
dbte'minod 1n Stw&d‘ air-flow tests conducted prior to oporation cf
the engine. In uhode tegts, alr wag pumped by the combustion-air
blowor to the Tlapper-velve &suumblv firom where 1t [lowed ag a
gtendy stream Inte tho engine shell and out te the atmorsphere. Tho
alr flow wag varied in stepa fram tlic lowest valiue that could bhe
reliably meagured with ths combusticn-alr orifice te the maximim
gquanvity safely pumpsd by the combusticon-air blowsyr: moasuremonts
wvore taken of the alr weipght flow and of the differcnces botween the
air pregeure within the swrse tark and the atmospheric presgsure,
which 1s approximatoly cqual to the gstoatic prespsurs drop eeroan tho
[lapper-valve agsembly.

Fuel-nozzle calibration tcats. - Frovious to tho tests, the
Tugl-manifold . JanCb70“—nnZZl‘ “wegombly was calibratod to determing
the Tucl digtribution amonge the nine fncl-injeotion nozzles at fucl-
nowsle progenres of 5, 10, 1L, 20, and 25 pounds por aguarc inch
zage (oper Limit of the flow-bench equivpient). Thig calibrablon
wvag conducted with the Tuel manifold *n the same vortical position
a3 installed on the cogine; ot sach Toeel prossure btegted the fucl
flow ‘seuing from cach indoction nozzls was goparatoly measurad.
The rosults of these fuel-disltribution teats,as conductsd on thoe
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gecond Tluppor-valve assermbly, nre glven in ilours 7 where ths
individual fucl flow iz nlotted for cach nozzle, Tncluded in the
Tigure 1o w sketch that idenbifles tho nozzle muaber and shows tho
poglition ol the nezzlo on the grid, The porcentage doviations from
the avorage Luo] flow anl tho total fucl flow for cach fucl prossurc

p

ar2 alao 1isved on the Tigure,

RESUITS AND DISCUSIION

A summary of the perfermance results obtained 1a the tests with
the twe standard flapper-valve assemblies 18 presented in tables I
and IT,

cubusiion-air flow &Q@meft?fing“ift !Elﬂﬁiﬂy - The basic
uver—a‘l performance of bhe engins 1a presented in figures 8 and O
vherein the combustion-alr woight flow and the offectlve Jot velocity,
regpectively, ace plotted ageinat fuel flow tor stwulated run yreuw
sures of O, 1&, 43, and 58 inches of water. The ound tent points un
each ram-prescure cwrve in figwe © reprogeat the limits of the jJet-
engine cycling or resonating cporation; o auall reduction in fucl
flow (about 100 to 200 1b/hr) below the lower teust lumit or incrense
above the upper tost limit resultod In a change in combustion to
steady burning, for which the effertive Jet velocity is only a Vn:y
small fraction of that develeped dwing resonant speration.

Figures 8 and 9 show that, for a ram presanve of O, from 6 to
pcunds per scoond of alr is induced intc the engine for cumbustion,

upon witlel: an effective Jet velocity of about 2300 feot per second
is developed. This static performance is possible only bocause of
the resonmant pressure variatlons occurring within the engine during
Its operation; the induction of air las duc, in this casc, solely to
ths suction pressures created with.n the engine after each cycle
cxplosicm, whercas the high velccity discharge is the reoult of the
capid build-up of  presswre dvving the combustion process,

The cembustion-air woight flow increases with incrsase in both
fusl [Jow and ram pressurc (figz. 3); at the macimum simulated ram
prosgurc of 58 inches of water, the combusticn-air weight flow is
-close to 12 pounds per second. Bused on the asaumption that owving
~to the flapper-valve action the induction pewiod in each cycle ia
Lali’ the total cycle time, this air flow correspends to an average
alr volecity during the ‘rduutlon.yor“d ci’ about 360 foot per v
second through the threat of the venturi passages, The engine volu-
netric clichVncy correaponding to thic awr flow is about 32 percent,
a8 basud on a cycling rate of 40 cycles per socond (soo tablss I and
II) and the ongine volume betwoen the Tlapper-valvy asscmbly i
the thioat off the convergent nozzle (beginning of tho conatanb-aroi
tall pip.:). :



12 NACA MR No. E5J02

Figure © shows that, as the fuel flow is increased from the
lower to the upper cycling limit at each ram pressvre, the eflective
Jet velocity increases to a maximum value and then decreases. The
maximum effective Jet velocity is seen to Increase substantially
when the ram pressure is changed from O to 18 inches of water:
Throughout the range of ram presswes from 18 to 58 inches of water,
however, thd maximum effective Jet velocity variles only about
140 feot per second and appears to be highest at a ram pressure of
40 inches of water. '

The effective jet velocity 1s plotted in figure 10 against fuel-
air ratio as obtained from the test polnts presented in figures 8 and
9. The fairing of the curves through the test points in this and
subsequent figures was made 1ln a merner tc give conslstent results
" with the basic curves of figures 8 and 9. The effective Jet velocity
ig shown to be a maximum in the vicinity of 0.08 fuel-air ratio for
all the rem pressures tested.

Predicted flight thrust. - The thrust that would be developed
in sea-level flight for the atuospheric pressure and tenmperature
test conditions (approximately NACA air) at the rlight speeds corre-
sponding to the test simulated ram pressures are plotted against
fuel flow in figure 11 and against fuel-air ratio in figure 12.
Becausc the effect of altitude on the engine performance 18 not known,
figures 11 and 12 are presented for only gea-level operation. A
variation of about 16 percent exists betwsen the maximum static
thrust (at O ram) and the thrust developed at 190 and 28C miles per
hour at the same fuel flow. The maximum thrust increases with alr-
speed at a rapldly decreasing rate; for airspeeds of 0, 190, 280,
and 340 miles per hour, the maximum thrust values are 500, 660, 740,
and 770 pounds, respectively. It 1s evident from figures 11 and 12
that, although the fuel flow for maximum thrust increases with
increase in airspeed, the air flow increzses in the same proportion
so that in every case maximum thrust occurs et a fuel-air ratio of
about ©.08.

Fuel consumption. - The thrust specific fuel consumption of
the engine in pourds of fuel per hour per pound thrust (excluding
external drag) ic plotted in figure 13 ageinst fuel-air ratio
feor the various indicated airspeeds. Bsst-cconomy operation
18 obtainzd at a fuel-alr ratio of 0.064 for flight gpeeds of
280 and 340 miles per hour and at a fuel-air ratio of about
0.072 for flight speeds of O and 190 miles per hour. The thrust
specific fuel consumption for best-economy operation at flight
specds of O, 190, 280, and 340 miles per hour are, respectively,
3.8, 3.4, 3.3, and 3.6 pounds of fuel per hour per pound
thrust. The curves of specific fuel consumption are quite flat in
the region of begt-economy fuel flows and for maximum thrust opera-
tion at the flight speecds of 0, 190, 280, and 340 miles per hour




FACA MR N~ T5J02 ' 13

indicate fuel corsumptiong of 4.0, 3.8, 3.8, and 4.2 pouds of fuel
Der Lour per pound of thrm.gt, regpectlively. Thuesc values represcnt
an increase in fuel cousumption abuve the best-eccnomy valaes of
about 5 percent for flight spesds of U and L9C miies per hour and
about 15 vercent for fiight speeds of 280 and 340 miles jer hour.
Reforence to figure 12 saows that the predicted flight tlructs
obtuincd at the best-economy fucl-air ratios are 420, 610, 660, and
680 pounds at the flight upubds ot G, 190, 280, and 340 miles per
hour, respectively.

The Tuol consumed per thrust horsepowor-hour is plotted in fig-
ure 14 against ‘wel-air vetio Tor flight spoeds of 190, 280, and
340 miles por hour. Tre ”pread between the different al rsvepd
curves is due malinly t¢ tle reduction in jJel-wake losscs and the
resultant incrense in over-all opsreting efiiciency obtaincd with
increase in flight spsed. The minimam values of power syecific el
consumption indicated in figure 14 are 6.9, 4.3, and 3.9 pounds per
thrust horsspower-hour for the flight spoeds of 190, 280, and
34C miles ror hour, respectively. The bost valus of power spocific
fusl consumption (3.9 1b/thp-hr) corrcsvonds to an over-all efri-
ciency of 3.5 percont, &s based on the lowsr hestlirg value of the
fusl; this efficiency value is about half tha® calculated For tho
idealized cycle,

Cycle pregsurce. - The cycling frequencies measared in the tests
are given in tables I and II. A tabulstion of the muXimum snd wini-
mum combustion-chambor pressurss is included in table II. The fre-

quency values arc scen to vary from 39 to 4) cyvcles pur second. The

maximum and mwinimum pressures were measurcd only in the tests con-
ducted with the sccond flappor-valvwo asscmbly becauso the first

tegts wore devoted to develepment of & satisfactory pickup. Table IT
shows that the maximum pressure increases from about 43 to about

Sz Inches of mercury gage (about 29 to 32 1b/sq in. absolute) whon
the simulated ram pressurc is increased from 40 to 58 inchaos of
wator; thess valucs compare with a theorctical maximum-prossure value
of about 145 pounds per squars fnch absoluta, which would be obtained
in a constant-volume burning process. The minimum pressurc is shown
in table II to vary in a random manner from 7.5 to 10 inches of mer-
cury vacuvm (from 12.1 to 11.3 1b/sg in. absolute) for simulated

ram pressures orf 40 and 58 inches of woter,

Photographic records of the combnstion-chamber pressure varia-
tions as indicated on the oscilloscope screen are presented in fig-
ures 15 for two typical operating conditions. The small irregu-
larities in the wave forms are due to the effects of the oscillating
ailr column within the extension-tube ccnrection to the pickup. The
meagured values of maximum and winimum combustion-chamber pressures
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nd f cycle tims arc fdentifled cn the individual pressure traces;
the stmospherlc and ram-pressure lines are estlmated from linear
interpclation between the maximum~ and minimum-pressure values. The
recirds show that the pressure rise {rom minimum to maximun value
begina at a relatively slow rate and continues at substantially the
arme rate until o pressure somewlhat hipher than the absolute ram
preasure is reached., At thils pressure valve, a high acceleration of
pregosure 1s cobtained and the pressure then incrcases at a groatly
increased rate to almost maximum value, The pressure decreasc from
maximum to minimum value occurs at o avbstantially constant rate.
Valuws of the maximum rate of presgure risge and the rate of decrease
for conditions (a) and (b) of fipure 15 are rowshly estimated from
the rocords and are thibulated as follows:

Condl!tion Rate of Rate of
proesomo pregaure
rigae dcoreagse

(in. H:/mcc)  (in. Hg/sec)

(2) 5,000 6000
(1) 13,000 4000

Flamo pho+q; 'aphg. - In Tigure 16, enlargements aro shown of
14 guccessive frames of a high-spoed motion-picturs £ilm of tho
flﬂmu at the tall-wipe cutlet, A fluorescont tube lighted by stand-
a7d 110-volt 80~cycle curvent provided a tining trace for thoe flame
asg ghown in the onlargumcuto. The frames show tho distinct build-up
and decay of tho flamc. Trojection of tho film clearly showed that
the high-volocity dischargs from the tell pipec was followed by a
compleots roverssl of flow whercin a portion of the cxhauet gasus
within the bail pipe and the nozzle waa drawn back inte the combus-
tion chambor, This revorual of flow is the reaponse te the suction
progoures cronted within the combuation chambor alter cach oxploosion
and probably resulta in procomprogaicen of the new charge and wibpo-
qu:nt ilgnition,

Fuel-nozzlo presgures. - Thoe valucs of fuel- nozzle prejsure
meagured in the teats on the flrgt {lapper-valve assombly werse unduly
igh bucanoe of partial clogping oi tho nozzlc passagoes by foreign

materiales within the fuel lines. Theae valuos are thercfore not
progented,  The values moagured for the sccond flapper-vualve asaembly
arc, however, congsldered satisfactory «nd arc included in tablc II.

In figure 17, the fucl flow ia plotted against the fvel-nozzle
PrEssure (féluthU Lo atmosphovic prossure) as measurcd in the tests
on the pecond {lappor-valve asgombly, The valucs obtained in the
fuel-distribation tests (fiz. 7) arc included in the plot for com-
pariacn, In the fucl-distribution teats the fusl nozzlos discharged
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egainst atmospheric pressure, whereas during operation of the englne
the nozzles discharged against a cyclically varying pressure whose
average is above atmospheric; the fuel pressures required in the
engine-performanace tests are therefore higher than those measured in
the fuel-distribution tests.

Steady-flow pregsure lnss s _across flapper-valve assembly. - The
steady-flow pressure- -1oss characteristics of the two flapper-valve
grid assemblies used in the tests are plotted in figure 18. The
pressure differential required to open the flapper valves at the
start of the performance tests 1s shown to be about 14 inches of
water. Inasmuch as the pressure drop would vary closely as the
square of the air-weight flow Tor constant flapper-valve position,
the linear variation cbtained throughout the range of pressure drops
tested indicates that the valves were still opening and had not
reached wide-open position even at a pressure drop of 40 inches of
vater. In view of the fact that the two flapper-valve assemblies
vere similar the stiffness and natural frequency and hence the
steady-flow pressure-loss characteristics would be the same as
confirmed in figure 18.

Flapner-valve deterioration. - Figure 19 18 a photograph of the
first flapper-valve assembly taken after 30 minutes of operation.
In gencral, most of the valves appeared to be in good condition.
The discoloration of some of the valves indicated that they had been
subjected to hot burnlng gases; as a coansequence these valves had
lost their original tension. Detalls of the two most damaged valves
in the assembly are shown in flgure 20. Sections of the tips of
these two valves were broken off and cracks extended back from the
sdges. The demage was undoubtsedly the result of Impact forces
imposed on the valves as no signs of discoloration were apparent.
Further testing with this valve assembly (not reported herein)
indicated a rapid reduction in thrust after 33 minutes of total
operation.

Inspection of the sccond flapper-valve assembly after 17 minntes
of operation recvealed greater flappcr-valve damage than that of the
Tirst assembly, notwithstanding the shorter operating time.

SUMMARY OF RESULTS

L ammary of the important resulis obtained 1n sea-level tests
conducted on a 22-inch-diameter pulse-Jet engine installed on a
thrust stend is presented in the following table:
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Simlebed ram pressure, in. woter O 18 40 5B

Eauivalent indicated alrspeed (NACA aly), mph O 190 280 340

Predicted maximum flight thrust, 1b 500 660 740 770

Thirugt specific fuel consumptlon at maxinum- 4.0 3.8 3.8 4.2
thrust operation, 1b/(hr)(lb thrust)

Predicted flight thrust for operatlon at 420 610 660 0680
minimum fuel consumption, 1b '

Minimun value of thrust spscific fuel con- 3.6 3.4 3.3 3.5
sumption, 1b/(hr)(1lb thrust)

Maximun-thrust operatlon was cbtained at a fuel-air ratio of approxi-
mately 0.02 and best fuel econcmy, in tho fuel-air-ratio range
betwesn 0.064 and 0.072.

The operating freguency of the Jjot enginc varied from 39 to
11 cycles per second. Maximuwi ccmbustion- chamber pressures in the
order of 4G to 50 inches of mercury gase and minimum pressures from
about 7 te 10 incheos of murcury vascuum ware meagured Tor the simulated
ram pressures of 40 and 58 inches O water. The oporating lives of
the twe fluapper-vealve assomblies uszed in the teste were appreximately

17 and 3% minntes, respoctively.

Areraft Engine Research Laboratory,
Natlonal Adviscory Committee for Asronautics
v 2
Cleveland, Ohlo, October 2, 1845,
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TABLE IT - SUMMARY OF RESULTS OF TESTS ON SECOND STANDARD
FLAPPER-VALVE ASSEMBLY
Run| Simu-~ |Fuel |Fuel- }Baro- Combus- | Combus~|Fuel-|Jet Effec-

lated | flow{nozzleymetric jtion- tion- air thrugt|tive
ram (1v/ {pres- |pres- |air air ratio|W Jet
pres- | hr)|sure |sure temper-{welght g V3 |veloc-
sure (1b/eq) (in. Hglature |flow (1b) |ity
(in. in.) | abso- | (°F) 1 Vj
water) lute) (1b/nr) (£t/
gaec)
2 59.0 | 3200} 62 28.94 85 41,040 | 0.078| 946 2674
3| 60.1 |2500| 38 28.9%4 86 38,880 .064| 884 2638
4 | 58.7 35001 72 28,94 85 41,760 .084| 973 2702
5 | 58.1 |2800) 48 28,94 85 39,600 .071] 883 2583
9 | 55.8 |2800| 48 29.08 70 39,600 7L =mmmeefmmmem
10 | 53.8 {2800 48 29.08 72 40,680 .069) 892 2540
15 58.0 {2800 }--~-~-] 28.98 78 42,100 .087f 923 2541
16 | 36.7 2800 47 28.99 69 37,080 ,076} 829 2591
17 39.9 {2000} 27 28.99 70 32,040 .062) 131 2644
18 | 37.5 |3000| 55 28.99 72 37,080 .081} 875 2735
19 | 35.9 12400} 37 28.99 72 33,480 .0721 810 2804
Run} Predicted | Cycl- Maximum (Minimum {Maxi- Maxi- |[Total
flight ing combus- |combus- |mum mum time on
thrust fre- tion tion . valve~| shell |flapper
W v v.) gquency| pressure|pressure |grid tem- valve at
g ( J 7 "o (cpe) (in. Hg |(in. Hg |tem- pera- [end of
(1p) gage) vacuum) |pera- | ture |run
ture (°F) (min)
(°F)
2 772 39 47.6 9.5 134 12375 laweeeee-
3 717 40 47.6 8.5 138 R 3.0
4 795 jememm-- 51.6 9,2 120 1325 |[==-e===-
5 716 |f=meme- 51.1 8.0 126 1550 4.8
9 |-remmm———- 40 52.4 8.6 148 1700 8.3
10 727 39 52.4 9.2 150 1225 9.2
15 2T S B memm oo f 13.6
16 703 39 | eermmmmee 10.0 153 1300 jer---m--
17 618 40 43.4 7.4 162 1800 15.7
18 747 38 45.3 10.2 151 1200 | =m=mm==-
19 697 40 41.9 8.4 151 1575 17.3

Naticnal Advisory Commitice
for Aeronautics
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Figure 6. - Comparison of flow conditions obtained in
thrust-stand tests with those existing in flight.
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Figure 2. - Rear vliew (downstream face) of flapper-valve grid assembly.

&I2T-F



£5J402

NACA MR No.

‘auibua 1al-as|nd Jaiawe|p-youji—~ZZ 40 Sjleiaq — *| 8aunbiy

SOIINVYNONHIY ¥O0d4 331LINWOD
AHOSIAQY IVYNOILVYN

whhi
h h ool | Bg L
-89 JE56 1L e £ T
— ]
* -

N I.*l

r” -Illl. = “
e_lu : O ~l—

°d}d __uhzk\ l\\
@1Z20N \ z (3se3 Bujanp
6n(d xaeds 261 peAowal) |mod
]
40 UO|}] 504 .
JoquWeyd uo)}snquo)
s||e3sp Ajquasse-p)ib oA|eA-a0dde| ]
v JNJUSA b—————Jasn
Y~y U0}303¢ _ ban3 ooeawwuw
sq) 4 UUUUUU
usamijaqg ﬁqﬁg_gﬁgﬁj ﬁyﬁ4_= : — Alquwasse pjab
hoLy A1Y | @A|®A-JRddE |3

sabussed mo| -4V v

£9 -7

UL
N [ :M L

$q) ¥

$9A|RA Jsadde|y—
30 u0}308$

) Ihs 4581



£5402

NACA MR No.

*SMOTJ 1onJ
81ZZoU-TBNPTATPU] SUTMOYB S8T2ZZ0U UOT308[UT-TONJ UO 53889 YOULQ-MOTJ JO S3Tnsay -°, euandid

aTZzZzoN

6 8 L 9 S b £ [4 T

001

P~
lll:Gl\llul\\Clll:Wllle o ¢
— 1~ ———
T~~~y — ./:\\\JT\\\* ——x%

ae

qy/qr ‘mory 1ong

PSS /.I’l\_\\ /,/

T
/
3

===y

S P 6922 g8 el- 2o o+ g2 7
O|10!I0O 812 60°6 -~ 80°8+ 0z o

8381 02°6 -~ 86°9+ ST 0
o6 22ST LT1°6 - av°o+ o1 X
Ol10!0 11t SS*2T-  ¥8 ¥+ S o

(«q/at) (3udoaad) (*uy bs/at)
MOTJ TenJ 1e30] uotaejaad aanssaad Tand
duldus Jo Jedd wody SD11NYNONIY 04 33LLINNOD
PAMATA se uo3Tsod a1zzoN AHOSIAQY TYNOI LYN

£2 7



E5J02

L2867

*seanssaad wed
PejeTnuYs 3583 oYj JOJ MOTJ 18NJ YjIm MOTJ 3uSiom JdTe-UOT35NQUOD JO UOJIBIJIBA -°Q SanBTJd

ay/qQr ‘moty Tend
00%S  002¢  000€ 0082 0093  00bZ2 0022 0002  OOST  009T

NACA MR No.

SRR RASL SRR LA RREREIGRERI] LA AR RAR A RAL R A BAR LR AN ANRRARAREAA] \LRARA RAALRIBARLIEAALASRERRIBARBERARAS LAAARGRAI B
C 3
o 49
E 89 o \\\\1x 9
- q 1 -
m 0 o i \AW m
dﬁl L
L (a93em *ut) -
9
< sanssaad wey \ 3
> p o
- - [}
3 el 3s g
- & - o
- w
3 Y u A
" T 3 :
:
- -
1
- w P
- \r Am Wul
o}
- P [
- Q \\ o - )
: Jor o
: oy 4 o ¢ 3 mm
C _ 1 : n
: ——] > 3 a
- ? — LHH
- -
C h—1"""| 4 3
- -4
15 4 m
- 4121
- -
=~ -
= L
=1 L
- L
- L
E SI1LNVNO¥IY ¥04 33LLIWWOD
h AHOS IAQY YNO I 1VN
AALALALARAARE 20t ad2andtnn AlASAabddrdsdaainanadaassniansriannetisanasntasszlaans




E5J02

NACA MR No.

*gaanssead

wed pajeynuis 3883 OY3 JOJ mMOTF TenJ YIIm £379070A 38[ 2A7309j38 JO UCIIBIJIEA -°*f eunB T4
Y/qr ‘moty 1end

lo 0} A8

0081

0022

0092

000o¢

00%¢

(010} £o¢ ooz¢e 000¢ 0082 0092 o0%2 0022 0002 0081 0091
T-- LA A A RAE RAA AN AR AL SRR IRASEIRAREAERERR SNSRI RALRSRARARARARA] L AREBRARRABASREARARIBAARIRASRARARA] LAAASRAAL/
C 85 < 3
C o¥ o 3
s 8T \v/ 5
E 0 © 3
m (d93em °uy) m
- auanssead wey -
. 40 L m
- y. \ 3
s ) 8¢ L~ 3
3 /// 2 < - 81 3
E ] E
- - X -
: Ny :
C 3
- -
o 3
- 1
o 3
m SOI1NVNON3VY H0d4 331L1mw0D ]| .
AAAlLAAabisanndasnalsniz IAAL A s dadbadasaadasnedaasalaanaldaasalans ALAiigAll AHOS | AQV J(ZO—.—.(Z

£ 27T-7

29s/3) ‘K3100Taa 39 eAT308)J4



E5402

NACA MR No.

£-267

*sgoamssazd mea
pajeTnuis 3523 ay3 JoJ O0T1ed Jje-1ang yam £3100194 30f BATI08JJ9 JO uoTjejIeA-*(OT SJn¥Td

o013ed Uje-yend
060° 080° 0LO* 090° 0s0*

Idﬂ- LARARRAARE BARASBRASAAREER] 1R RS RAAAA R A A SRR AR ARRARANARA] LA AR ARAALAI RABAIEARRIREREASEEAR] LABASGARARARAR)
F 8q > uoo:
- (0} 4 ] 3
ﬂ wH AN -y
b 0 (o] p
o Joost
S (J93ea “ug) m =
o sunssaad wmey 3 M
. , 7 7 ] @
- ~ o
: LF : pd Y N Joozz £
m ] 0 O-38~ \ v \ "l m s
5 0O v A \\ n P
D , ] D -
ﬂ ov // & Py b\!\\#\hv UOOOG p]
3 85|~ 4] 3 o
8] p
: ge 3 p
. Joooe 3
F | 3 "
o i L (24
. ~
L | p 0
- W “ “
- —Jo0¥e
F 3
3
- -
- -
- 3
m ]
- SIILNYNOEIY HO4 331L1IMWNOD
AAdiArardansndaasadasnataanatasnntadzstinas Aldiiddabs dadadldniadaasatazantionss >C°ﬂ—>a¢ J(ZO—.—.(Z




E5J402

NACA MR No.

POIVINELS SNOTIWA OU3 IO AOTJ TeNJ U3ITA (Fesp TvUIe)Xe BUIPMTOXe) 38nay3 IUFITI peqoipedd Jo

oove ooze

("a1® vOVN ATegemixoadde uj uoiqegedo Toa67-weg) Bpoeds quBTTy

ay/qr ‘mory Teng

000¢ 0082 0092 00%2 ooz 0002 008T 0091
'd-d LAAABRARBEA BARAIBARAL \RABEGALREBAASERARAEEARRERARE] LA LB ARRASRRAREBARRIBARE] IR AAARABRIBEAARARARA! LB AAS -dl
F 3
- 3
-3 -
- -y
- -
3 3
< Y 3
E 04 A= 3
: B 2 3
E red - ;
C 082 061 ] — .
o lll\“L.l““ — 3
: :
O5¢ 1
2 (ydu) 3
o poadsaye ]
C PojeoTpul b
] 3
e o
- p
- -
o b
o 3
- SDILNYNON3IV ¥O4 33LLIWNOD
Adrliardlisns iz Alhilassalaniaidnnil Liikialdg ALA AL AL RAARARARRRRRRsa0ta >¢°W—>°< J(ZO—P«Z

goc-7

UOT3VIIBA - TT oIty

002

oo¥

009

008

a1 ‘3snayl YIITI po3dIpead



E5402

NACA MR No.

£-267

060°

{219 YOVN f1eqwwixoxdde uy uoyjvaedo T1eseT~veg)
POIBTNWIE SNOTIBA OY3} JOF O3B JIB-ToNJ YIIA (JBIp TPuIeqxs Buipnroxe) 3enaysg yPITs peyoipexd JO UOTY®IIEA - *2T samdBig

O138d Jdje-Tony

080° 0L0* 090" 0s0*
AR AR AR AR AR AR AR RALAG LA ERARAS AR REARARRARRRR] LABAL RAAR AR BARAIERARIRARERIREARERARA] LA A Ao
- uoom
o 3
L. r
- 4 00¥%
3 L L/ ]
- O/.r.{ 1 L\ \ S
- L \ -
o L] \\ 3
- N — Jooe
- | s o
3 082 os| —— \.\f!l\\\n\\\ 3
m /./ — SIS m
: 4445 008
F (qdm) 3
o paadsate 3
o pajesypul 3
C N J o001
- N080°0 JO Ojed aje-1ang 3
o Jeau 3snayj wWnuwixey 3
” “
- -
” “
- 3
- i L
- L
- <
o i SOLANYNOMIY HOS IILLIWWOD
JAAdAdaiaangiasanlanss -bb-,-b- AbbAd Al ridndoddndiliibadlnidaiasadaiansainuats >KOW.)O< J(ZO—F(Z

‘epeeds BTy

qQr ‘aIsnayl yBITI PaIdIpadd



E5J02

NACA MR No.

(*a7e YOVN L1ejevumxouadds uy uojzeaedo 1949 T7-80S)

*speads 3uSy1J pejeTNWIE

SNOJJIEA BU} J0J OT3BJd J]B-T30Y Yilm uorjdunsuoo teny o91Jjoeds 3snayy JO UOT3IBIIBA -°¢[ aanITd

0]3ed JlB-TON4

060" 080°* 0L0"* 090° 080°
'ﬂ#d— LASAR ARG E R RA AR AR AN AL RAREARARACSRARARRERA] ARAASARAR] LARBAREARI BARLRIBRARLIARAALRARRIBEARARERANA] LARARBRARL)
C 3
3 Jo0°¢
3 42-¢
: — m«..n
m é _ 1 ~ .“.
3 > e /Mr, S G
: e \\ 3 3.
3 \.\ 3077
E P uw.v
o \ L~ // M
” vy
n s m
- i 4 J9°%
- \ 3
: 3
8°¥
: 0 3
- Jo°s
o (ydw) 3
[ peadesate pejesfpul 3
3 3
o p
\ ‘
uoigeaado 3
E Lwouodse-qssg 3
. \J080°0 JO Oj3ed JT8—TonJ .
- JESU 35NJU] WnujXey p
: S31LNYNOY3Y H04 331L1WWOD |
Adadanaaiaads dasaadanasdaaandaisadadsstassslasnabaanasasataaaalansalasailaans AHOS1AQV TYNOILWN

£ 9277

Isnayl qQr)(au)/teny at

'uon&umsuoo 19n) 91J108ds 3snayy



£5402

NACA MR No.,

, L2 6P

(ra1e VOVN A193ewixoadde ug uotaeasado TsaaT-veg) ‘spepds U311 PajeINUIS ShoTaeA
8yy J0J 071®J JTE-T4NJ YiTm uoljdunsuod 18nJ 91J108ds aamod Jo uotgeIJIeA - ‘1 2an314d

038 Jje-Tang

060° 080° oLo* 090° 0s0°

\AASARARAEBEARE AR IR ARSI NARSARARAENAAAS RAALS RS RAAARRARAARRALARALAI R AR LA REARRRARAIARARALY!

LA AN

Al

\ A RAS

\ A AR

«

Lamal

\\\TJ\\ f‘:/l N
T~
L1

apaslaananlansliladll

LAA RS

by 4

N
\
<

AR AR

\ S ALA
O
8
N\

0

ALAL

Ty

L RAJ

ost| —|

/

AdAAAAAAA LA LA

/

Jy-dy3 /q7 ‘uotidunsucd 18ng 913109ds Jsmod

-2}

(udm)
paadsaje pajwolpul

uojjwgado

fmo.o JO OT3®I | runucos-3sag

Jdje-1ang Jeeu
3snayy wnwixen

AbAAAAALAALALDLLLLAL

L\ B LBAARAAALAERARAI

D1 LNVYNOHIVY ¥04 33L11WWO0D
aiadassalasnataasadsaanndaaabaasadsansdasasiansalsasadanasiaasalanaalansalonss AMOSIAQY WNOILYN




£ g g

NACA MR No. EB5J02

3025 sec
Maximum pressure,
\ 45.3 in. Hg
I\ ;!
b
Atmospheric pressure T Ram pressure
Mlnlmsm pressure, VA ‘\i’ 37.5 in. water
«10.2 in. Hg
{a) .Ram pressure, 37,5 inches of water; fuel flow,
fuel-air ratio, 0.081.

3000 pounds per hour;

.0256 se
C Maximum pressure,
J 521“ iﬂ. Hg
Atmospheric pressure Rgg'g'ng“:: or
Minimum pressure;
NACA

-8.6 iﬂ- Hg
213042
) 9+ 10- 45

(b)) Ram pressure, 55.8 Iinches of water, fuel flow,
fuel-alr ratio, 0.071.

2800 pounds per hour;

Figure (5. -~ Combustion-chamber pressure cycles for two
typlcal test conditions.
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Figure 16, - The flame cycle at
viewed by a high-speed motion-
per sec).

NACA MR No. E5J402

the tall-pipe outlet as
picture camera (2000 frames

692-
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